
LLNL-CONF-669640

Modeling Edge Plasma with the
Continuum Gyrokinetic Code
COGENT

M. Dorf, M. Dorr, J, Hittinger, T. Rognlien, P. Colella, P.
Schwartz , R. Cohen, E. Lee

April 14, 2015

DOE Workshop on Integrated Simulations for Magnetic Fusion
Energy Sciences
Rockville, MD, United States
June 2, 2015 through June 4, 2015



Disclaimer 
 

This document was prepared as an account of work sponsored by an agency of the United States 
government. Neither the United States government nor Lawrence Livermore National Security, LLC, 
nor any of their employees makes any warranty, expressed or implied, or assumes any legal liability or 
responsibility for the accuracy, completeness, or usefulness of any information, apparatus, product, or 
process disclosed, or represents that its use would not infringe privately owned rights. Reference herein 
to any specific commercial product, process, or service by trade name, trademark, manufacturer, or 
otherwise does not necessarily constitute or imply its endorsement, recommendation, or favoring by the 
United States government or Lawrence Livermore National Security, LLC. The views and opinions of 
authors expressed herein do not necessarily state or reflect those of the United States government or 
Lawrence Livermore National Security, LLC, and shall not be used for advertising or product 
endorsement purposes. 
 



 

 

Modeling Edge Plasma with the Continuum Gyrokinetic Code COGENT* 

M. Dorf, M. Dorr, J. Hittinger, T. Rognlien (LLNL) 

P. Colella, P. Schwartz (LBNL)  

R. Cohen (CompX), W. Lee (UCSD) 

DOE Workshop in Integrated Simulations; panels B and C; oral presentation is not requested 

 

Objective: It is increasingly important to achieve an improved theoretical understanding of edge 

plasma transport in order to optimize the performance of divertor tokamaks. The problem, however, 

offers a significant challenge for analytical or numerical studies due to (a) a complex magnetic 

geometry, which includes both open and closed field lines, and (b) the importance of kinetic effects as 

the short radial length-scales for edge plasma density and temperature variations become comparable 

to particles drift-orbit excursion. Contrary to core plasmas, which have been extensively simulated 

with both particle-in-cell (PIC) and continuum gyro-kinetic codes, edge plasmas have been previously 

kinetically modeled only by making use of the PIC approach (e.g., the XGC code [1] developed 

through the CPES SciDAC project). Such preference was made, in part, due to the presence of the 

magnetic separatrix within the simulation domain that poses significant challenges for a continuum 

code. In more detail, strong anisotropy of plasma transport, which is much faster along the field lines 

than in the perpendicular direction, motivates the use of the flux-aligned coordinate surfaces for 

continuum methods that discretize a kinetic equation on a phase-space grid. However, such coordinate 

surfaces have diverging metric coefficients at the X point of the magnetic separatrix, thereby 

introducing a challenge for high-order accurate discretization methods. In contrast, the PIC approach 

uses macroparticles to integrate along the characteristic of the kinetic equation, and therefore is not 

sensitive to the presence of the X-point as it does not introduce any challenges for evaluating the 

magnetic drift-velocity of plasma particles. On the other hand, PIC codes may require a very large 

number of macro particles to suppress numerical noise in the edge-plasma simulations, where 

deviations from the background distribution are large and the full-F approach is required. Therefore, it 

has been of great practical importance to develop a gyro-kinetic continuum code that could handle the 

complexity of tokamak divertor geometry with high accuracy. Moreover, having multiple kinetic 

codes that address edge plasm transport is of particular importance to code verification.  
 

Recent progress: Based on recent advances from the applied math community [2], the Edge 

Simulation Laboratory collaboration [3] has been developing the first 4
th
-order finite-volume 

(continuum) gyrokinetc code COGENT [4] that models plasma transport in a divertor geometry. The 

underlying numerical algorithms utilize a novel high-order, mapped-multiblock, finite-volume 

discretization scheme that allows the use of multiple grid blocks (patches) to represent complex 

geometrical structure of the magnetic field. The coordinate surfaces of each block are flux-aligned 

everywhere except near the X point, and a high-order interpolation is used to provide data 

communication in the regions where the grid blocks overlap. The present version of the COGENT 

code models a nonlinear axisymmetric 4D (R, v||, μ) gyrokinetic equation coupled to the long-

wavelength limit of the gyro-Poisson equation. Here, R is the particle gyrocenter coordinate in the 

poloidal plane, and v|| and μ are the guiding center velocity parallel to the magnetic field and the 

magnetic moment, respectively. The code has a number of collision models, ranging from the simple 

Krook operator to the fully nonlinear Fokker-Plank operator [4]. The COGENT code models and 

algorithms have been extensively verified with the annular-geometry version of the code in 

simulations of neoclassical transport and collisionless relaxation of geodesic acoustic modes [4]. The 

divertor version of the code that includes both the pedestal and the scrape-off-layer regions has 

recently become available. Cross-separatrix plasma transport can be simulated including the effects of 

the fully nonlinear Fokker-Plank collisions, self-consistent electric fields, and anomalous radial 

transport. Results of illustrative simulations performed with the divertor code are shown in Figure 1. 



 

 

 

 

Figure 1. Ion dynamics in the absence of electric fields. Frames (a) and (b) show the ion density and 

velocity phase-space obtained in the absence of collisions and with the fully nonlinear Fokker-Plank 

collision model, respectively. The initial (uniform) ion temperature and density are T0=300 eV and 

n0=10
20

m
-3

, the toroidal magnetic field corresponds to BφR=3.5Tm, Bθ/Bφ~0.1. 

 

Future work: The near-term future work will include development of additions capabilities for the 4D 

divertor code. In particular, a succession of increasingly detailed neutral models will be added. 

Furthermore, loose coupling with a turbulence fluid code (e.g., BOUT) will be performed in order to 

improve the COGENT anomalous transport model by providing relevant transport coefficients (e.g., 

anomalous particle diffusion). On the math side, an advanced IMEX (implicit-explicit) scheme will be 

implemented to address the vast range of timescales and enabling long-time transport simulation. Such 

schemes will allow for implicit treatment of selected fast processes (e.g., parallel electron streaming, 

strong collisions) while explicitly integrating physical processes on the time scale of interest (e.g., ion 

advection) Work has also begun on an initial 5D version to study edge turbulence, with initial focus on 

kinetic effects on blob dynamics and drift-wave instability. Over the next several years, a full 

electromagnetic 5D code is planned, targeting kinetic simulations of edge microinstabilities. 
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